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1 General Information

This measurement report is prepared on behalf of VEGA Grieshaber KG in accordance with the applicable
Federal Communications Commission and Industry Canada Rules and Regulations.

The Equipment Under Test (EUT) was Model PS60S, Level Probing Radar, FCC ID: O6QPS60XS2,
IC: 3892A-PS60XS2, tested with four different antennas.

1.1 Test Facility

The open area test site and conducted measurement facility used to collect the radiated data is located

on the parking lot of Rhein Tech Laboratories, Inc., 360 Herndon Parkway, Suite 1400, Herndon, Virginia,
20170. This site has been fully described in a report submitted to and approved by the Federal Communications
Commission to perform AC line conducted and radiated emissions testing.

1.2 Modifications

None.
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2

Tested System Details

The test sample was received on May 2, 2015. Listed below are the identifiers and descriptions of all
equipment, cables, and internal devices used with the EUT for this testing, as applicable.

Table 2-1: Equipment under Test (EUT)
. RTL
Part Manufacturer Model Serial FCCID Cable Bar
(HVIN) Number Type
Code
VEGA
UXBXCHKMAX Grieshaber PS60S 27522102 O6QPS60XS2 N/A 21455
KG
VEGA
UXDND2HKMAX Grieshaber PS60S 27522103 O6QPS60XS2 N/A 21456
KG
VEGA
UXKND2HKMAX Grieshaber PS60S 27522104 O6QPS60XS2 N/A 21457
KG
VEGA
UXNCCHKMAX Grieshaber PS60S 27522105 O6QPS60XS2 N/A 21458
KG
95mm VEGA
Horn Antenna Grieshaber N/A N/A N/A N/A 21136
(27.0 dBi) KG
75mm VEGA
Horn Antenna Grieshaber N/A N/A N/A N/A 21137
(24.5 dBi) KG
75mm Filled VEGA
Horn Antenna Grieshaber N/A N/A N/A N/A 21138
(23.6 dBi) KG
75mm Plastic VEGA
Horn Antenna Grieshaber N/A N/A N/A N/A 21140
(24.8 dBi) KG
| im
DC Power Hewlett 1912A0033 un-
Supply Packard 6024A 1 N/A shielde | 901635

d



http://www.rheintech.com/

Rhein Tech Laboratories, Inc. Client: VEGA Grieshaber KG

360 Herndon Parkway Model: PS60S
Suite. 1400 IDs: O6QPS60XS2/3892A-PS60XS2
Herndon, VA 20170 Standard: Part 15C/RSS-Gen
http://www.rheintech.com Project #: 2014077

2.1 Test Configurations

The EUT was tested in the following configurations and the test data is included in this report. The test
configuration number (TC #2, TC #4, TC #6 and TC #10) is provided with the test data as appropriate.

Table 2-2: Test Configuration #2 (TC #2)

Cable L

Part Model (HVIN) Manufacturer Tvoe Bar

yp Code
UXBXCHKMAX PS60S VEGA Grieshaber KG N/A 21455
Electronics PS60HS VEGA Grieshaber KG N/A 21141

75mm Plastic Horn .

Antenna (24.8 dBi) N/A VEGA Grieshaber KG N/A 21140

Photograph 1: Test Configuration #2 (TC #2)

8 of 76
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Table 2-3: Test Configuration #4 (TC #4)

Cable UL
Part Model (HVIN) Manufacturer Tvoe Bar
yp Code
UXDND2HKMAX PS60S VEGA Grieshaber KG N/A 21456
Electronics PS60HS VEGA Grieshaber KG N/A 21141
75mm Horn Antenna .
(24.5 dBi) N/A VEGA Grieshaber KG N/A 21137

Photograph 2: Test Configuration #4 (TC #4)
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Table 2-4: Test Configuration #6 (TC #6)
Cable UL
Part Model (HVIN) Manufacturer Tvoe Bar
yp Code
UXDND2HKMAX PS60S VEGA Grieshaber KG N/A 21456
Electronics PS60HS VEGA Grieshaber KG N/A 21141
95’“”22';'05” d’ggte””a PS62ANT.AVE VEGA Grieshaber KG N/A 21136

Photograph 3: Test Configuration #6 (TC #6)
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Rhein Tech Laboratories, Inc. Client: VEGA Grieshaber KG

360 Herndon Parkway Model: PS60S
Suite. 1400 IDs: O6QPS60XS2/3892A-PS60XS2
Herndon, VA 20170 Standard: Part 15C/RSS-Gen
http://www.rheintech.com Project #: 2014077
Table 2-5: Test Configuration #10 (TC #10)
Cable KU
Part Model (HVIN) Manufacturer Tvoe Bar
yp Code
UXNCCHKMAX PS60S VEGA Grieshaber KG N/A 21458
Electronics PS60HS VEGA Grieshaber KG N/A 21141
75mm Filled
Horn Antenna N/A VEGA Grieshaber KG N/A 21138
(23.6 dBi)

Photograph 4: Test Configuration #10 (TC #10)
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Figure 2-1: Configuration of Tested System

PS60S
D / with PS60HS

electronics

9.6 -36 VDC
Power Supply

2.2 Test Distance

The final radiated emissions tests were performed at a 3 meter horizontal distance from the edge of the
radar to the test antenna. The EUT was also investigated at closer test distances in order to discern any
emissions.
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3  Modulated Bandwidth — ANSI C63.10 6.9, FCC 14-2 (15.256(f)(1)), RSS-Gen 4.6
3.1 Modulated Bandwidth Test Procedure - FCC 14-2 (15.256(f)(1)), RSS-Gen 4.6.1

The minimum 10 dB bandwidth was measured using a 50 ohm spectrum analyzer with the resolution
bandwidth set at 1 MHz and the video bandwidth set at 3 MHz. The spectrum analyzer’s display markers
were set to -10 dB using max hold until the spectrum was filled and a plot taken.

3.2 Limits

(f) The fundamental bandwidth of an LPR emission is defined as the width of the signal between two points,
one below and one above the center frequency, outside of which all emissions are attenuated by at least
10 dB relative to the maximum transmitter output power when measured in an equivalent resolution
bandwidth.

(1) The minimum fundamental emission bandwidth shall be 50 MHz for LPR operation under the

provisions of this section.

3.3 Modulated Bandwidth Test Data

Table 3-1: 10 dB Modulated Bandwidth - 15.256(f)(1)
Model Y dB(EA?_'nZO)IW'dth Minimum Limit (MHz) Margin (MHz)
PS60HS 1171.119 50 -2033.333
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Plot 3-1: 10 dB Modulated Bandwidth — PS60HS Electronics

1 PE
HETH

FEW 1 MHz Marker 1 [T1 ]

VEW 3 MHz -44.07 dBu
Ref -10 dBm it 0 dB FWT 500 = ZE5. 404320513 GHz
-10 Deltd 1 [T1

-1.98 B
a0 1.171124303 GHe
F-30
" Vand ™
Dl -43. Pl dBw f’ﬂ i‘l

L -ED il !

MW“W%

F=&0

F-30

F =100

=110

Certer =ZE.873 GHz

Da-e: Z1.MAY. 2015 15:z23:1:Z2

LO0 MH=z=/S

Spann & GHz

Marker T1 Delta: 26575.440 MHz; Marker T1: 25404.321 MHz; OBW= 1171.119 MHz

Table 3-2: Modulated Bandwidth Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date

901581 Rohde & Schwarz

FSU

Spectrum Analyzer 1166.1660.50 11/13/16

Test Personnel:

Dan Baltzell

)/7-
(ol Bubort?
~ May 21, 2015

Test Engineer

Signature

Date of Test
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4  Radiated Emissions — ANSI C63.10 6.3, FCC 15.256(g)(3), RSS-Gen 4.8
4.1 Radiated Fundamental Emissions Test Procedure — FCC 15.256(g)(3); RSS-Gen 4.8

Radiated emissions of the fundamental was tested by “bore sighting” the main-beam emissions to
produce the maximum realizable antenna coupling. The EUT was also checked in all three orthogonal
planes. Measurement was based on an average detector for -14 dBm/1 MHz power density limit and
peak detector for 26 dBm/50 MHz limit. Limits are based on FCC 15.256(g)(3) using -14 dBm/MHz and
26 dBm in a 50 MHz bandwidth (corrected to 20 MHz). Since these limits are power density, no pulse
desensitization correction factor is required. Both were also measured finding the maximum amplitude
at 3 meters and switching from 1 MHz to 20 MHz resolution bandwidths.

Limits: The EIRP limits for LPR operations in the bands authorized by this rule section are provided in
the following table. These emission limits are based on bore sight measurements (i.e., measurements
performed within the main beam of the LPR antenna).

Frequency Band of Average Emission Limit | Peak Emission Limit (EIRP
Operation (GHz) (EIRP in dBm measured in dBm measured in
in 1 MHz) 50 MHz)
5.925-7.250 -33 7
24.05-29.00 -14 26
75-85 -3 34

4.2 Radiated Fundamental Emissions Test Data

Radiated measurements are converted from dBuV/m to dBm using the following equation from KDB
890966 6 b:

For radiated emission measurements

EIRP (dBm) = field strength (dBpV/m) — 104.8 + 20 Log D
where:

D is the measurement distance

All power averaging (RMS) emission levels are to be measured utilizing a 1 MHz resolution bandwidth with
a one millisecond dwell time over each 1 MHz segment. The frequency span of the analyzer should equal
the number of sampling bins times 1 MHz and the sweep rate of the analyzer should equal the number of
sampling bins times one millisecond. The video bandwidth of the measurement instrument shall not be less
than the resolution bandwidth and trace averaging shall not be employed. The RMS average emission
measurement is to be repeated over multiple sweeps with the analyzer set for maximum hold until the
amplitude stabilizes. The peak emission measurement is to be repeated over multiple sweeps with the
analyzer set for maximum hold until the amplitude stabilizes.

NOTE: Number of sampling BINS used = 1501


http://www.rheintech.com/

4.21 Test Configuration #2

Table 4-1: Radiated Fundamental Emissions (EIRP in 1 MHz, Average Detector) (TC #2)
Average Antenna Corrected
Spectrum . Converted . .
Frequency Correction Average Limit Margin
Analyzer to
(GH2z2) Factor Measurement (dBm) (dB)
Lzl (dB/m) (dBuV/m) 4=
(dBuV)
25.9 37.9 40.6 78.5 -16.7 -14.0 -2.7
Table 4-2: Radiated Fundamental Emissions (EIRP in 20 MHz, Peak Detector) (TC #2)
PreEIX Cor?(latcetion Corresies Converted
Frequency EIRP Eactor Peak to Limit Margin
(GHz) Measured Measurement (dBm) (dB)
(dBuV) (i) (dBuV/m) £l
+ 8 dB*
25.9 55.8 48.6 104.4 9.2 26.0 -16.8

* Per FCC 14-2 15.256(g)(2)(ii): Since the Rhode & Schwarz FSU 50 spectrum analyzer had a lower
video bandwidth resolution than the RBW of 50 MHz, a lower RBW of 20 MHz was used and an
adjustment to the limit is made by 20 log(RBW/50) dB. The resolution bandwidth used is 20 MHz;
therefore 20log(20/50) = -8 dB is the reduction of the limit required from the 50 MHz EIRP, 8 dB was
added to the site correction factor in this instance.
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Plot 4-1: Radiated Fundamental Emissions (EIRP in 1 MHz) (TC #2)

@ RBW 1 MHz Marker 1
VEW 10 MH=

Resf 87 dBpV Rttt o dB GWT 1.5 = 25.388
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HMAXH

-€0

50

10

F-10

Center 25.94647426 GHs 150 MHz/ Span 1.5 GH=

Date: 1.JUN.2015 14:38:31
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Plot 4-2: Radiated Fundamental Emissions (EIRP in 20 MHz) (TC #2)

@ RBW 20 MH=z Marker 1
VEW 20 MH=

Ref S7 dBpV Attt o dB SWI 1.5 = 25.825474259
-8 0
= |-
—E0 T
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40

30
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F-10
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Date: 1.JUN.2015 15:00:21
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4.2.2 Test Configuration #4

Table 4-3: Radiated Fundamental Emissions (EIRP in 1 MHz, Average Detector) (TC #4)
Average Antenna Corrected
Spectrum . Converted . .
Frequency Correction Average Limit Margin
Analyzer to
(GH2) Factor Measurement (dBm) (dB)
Lzl (dB/m) (dBuV/m) G
(dBuV)
26.0 39.2 40.6 79.8 -15.4 -14.0 -1.4
Table 4-4: Radiated Fundamental Emissions (EIRP in 20 MHz, Peak Detector) (TC #4)
PreEIX Cor?étcetion Corresies Converted
Frequency EIRP Factor Peak to Limit Margin
(GHz) Measured Measurement (dBm) (dB)
(dBuV) (i) (dBuV/m) £l
+ 8 dB*
26.0 56.5 48.6 105.1 9.9 26.0 -16.1

* Per FCC 14-2 15.256(g)(2)(ii): Since the Rhode & Schwarz FSU 50 spectrum analyzer had a lower
video bandwidth resolution than the RBW of 50 MHz, a lower RBW of 20 MHz was used and an
adjustment to the limit is made by 20 log(RBW/50) dB. The resolution bandwidth used is 20 MHz;
therefore 20log(20/50) = -8 dB is the reduction of the limit required from the 50 MHz EIRP, 8 dB was
added to the site correction factor in this instance.
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Plot 4-3: Radiated Fundamental Emissions (EIRP in 1 MHz) (TC #4)
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Plot 4-4: Radiated Fundamental Emissions (EIRP in 20 MHz) (TC #4)
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4.2.3 Test Configuration #6

Table 4-5: Radiated Fundamental Emissions (EIRP in 1 MHz, Average Detector) (TC #6)
Average Antenna Corrected
Spectrum . Converted . .
Frequency Correction Average Limit Margin
Analyzer to
(GHz2) Factor Measurement (dBm) (dB)
Lzl (dB/m) (dBuV/m) G
(dBuV)
25.7 56.0 24.3 80.3 -14.9 -14.0 -0.9
Table 4-6: Radiated Fundamental Emissions (EIRP in 20 MHz, Peak Detector) (TC #6)
PreEIX Cor?étcetion Corresies Converted
Frequency EIRP Factor Peak to Limit Margin
(GHz) Measured Measurement (dBm) (dB)
(dBuV) (i) (dBuV/m) £l
+ 8 dB*
25.7 717 32.3 104.0 8.8 26.0 -17.2

* Per FCC 14-2 15.256(g)(2)(ii): Since the Rhode & Schwarz FSU 50 spectrum analyzer had a lower
video bandwidth resolution than the RBW of 50 MHz, a lower RBW of 20 MHz was used and an
adjustment to the limit is made by 20 log(RBW/50) dB. The resolution bandwidth used is 20 MHz;
therefore 20log(20/50) = -8 dB is the reduction of the limit required from the 50 MHz EIRP, 8 dB was
added to the site correction factor in this instance.
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Plot 4-5: Radiated Fundamental Emissions (EIRP in 1 MHz) (TC #6)
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Plot 4-6:

Radiated Fundamental Emissions (EIRP in 20 MHz) (TC #6)
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4.2.4 Test Configuration #10

Table 4-7: Radiated Fundamental Emissions (EIRP in 1 MHz, Average Detector) (TC #10)
Average Antenna Corrected
Spectrum . Converted . .
Frequency Correction Average Limit Margin
Analyzer to
(GH2) Factor Measurement (dBm) (dB)
Lzl (dB/m) (dBuV/m) G
(dBuV)
26.1 38.0 40.6 78.6 -16.6 -14.0 -2.6
Table 4-8: Radiated Fundamental Emissions (EIRP in 20 MHz, Peak Detector) (TC #10)
PreEIX Cor?étcetion Corresies Converted
Frequency EIRP Factor Peak to Limit Margin
(GHz) Measured Measurement (dBm) (dB)
(dBuV) (i) (dBuV/m) £l
+ 8 dB*
26.0 55.6 48.6 104.2 9.0 26.0 -17.0

* Per FCC 14-2 15.256(g)(2)(ii): Since the Rhode & Schwarz FSU 50 spectrum analyzer had a lower
video bandwidth resolution than the RBW of 50 MHz, a lower RBW of 20 MHz was used and an
adjustment to the limit is made by 20 log(RBW/50) dB. The resolution bandwidth used is 20 MHz;
therefore 20log(20/50) = -8 dB is the reduction of the limit required from the 50 MHz EIRP, 8 dB was
added to the site correction factor in this instance.
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Plot 4-7:

Radiated Fundamental Emissions (EIRP in 1 MHz) (TC #10)
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Plot 4-8: Radiated Fundamental Emissions (EIRP in 20 MHz) (TC #10)

® REW 20 MH= Marker 1 [T1
VBW 10 M=
Ref 87 dBpWV Attt o dB SWT 1.5 =
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Date: 1.JUNW.2015 18:59:15
Table 4-9: Radiated Fundamental Emissions Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
901581 | Rohde & Schwarz FSU Spectrum Analyzer | 1166.1660.50 | 11/13/16
Horn Antenna
901218 EMCO 3160-09 (18-26.5 GHz) 960281-003 4/19/16
Continental Waveguide
900874 Microwave & Tool RA42-K-F-4B-C 18-26.5 GHz 990706-002 1/23/16

Test Personnel:

Dan Baltzell

ffé%@ﬂm&é/

June 1 and 18, 2015

Test Engineer

Signature

Dates of Test
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4.3 Radiated Emissions — ANSI C63.10 6.3, FCC 15.256(h)(k), RSS-Gen 4.9
4.4 Radiated Emissions Harmonics/Spurious Test Procedure - FCC 15.256(h)(k), RSS-Gen 4.9

No radiated emissions of the harmonics were found to be measured; noise floor data was taken and
corrected to three meters. The EUT was checked in the three orthogonal planes with the receive antenna
in both polarities. A resolution bandwidth of 100 kHz was used for frequencies less than 1000 MHz, and
a resolution bandwidth of 1 MHz was used for frequencies greater than or equal to 1000 MHz.

Limit: Unwanted Emissions from LPR devices shall not exceed the general emission limit in §15.209 of
this chapter.

4.5 Radiated Emissions Harmonics/Spurious Test Data

No radiated harmonics were found to be measured or unintentional emissions above 1 GHz. The
following plots are provided as reference. The plots were taken with the measuring antenna abutted to
the transmit antenna, showing no indication or detectable frequencies; this reduces signal to noise ratio
as a distance of 1 mm corrected to 3 m is 20 log (0.01/3) = -49.5 dB. The emissions from the EUT were
investigated at 0.1 m and 3 m to ensure no indication of detectable emissions.
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4.51

Test Configuration #2

Plot 4-9: Radiated Spurious Emissions (Second Harmonic) (TC #2)
& o 3
Ref 87 deEpv EXTH IX W SWT 20 ms
[ | A
1 FK
MR KR
A e Eeme e eSS e SET PR RN W P P WO PN IRy AR PP
ente 1 1040 ME Span 1 GHz
Date: 3..JUH.201 15:53:50
Table 4-10: Radiated Second Harmonic Noise Floor Calculation (TC #2)
Test Correction
Frequency MelzlsuF:ed Antenna from Mg:;&?gigm Limit Margin
(GHz2) (dBuv) Gain .01lm to 3m (dBuV/m) (dBuV/m) (dB)
(dBi) (dB)
51.8 28.7 225 -49.5 1.7 54.0 -52.3
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Plot 4-10:

Radiated Spurious Emissions (Third Harmonic) (TC #2)

&

87 deEpv

*FBW 1 MHz
VBW 3 MHz

SWT 20 ms

1 FK|
MAXH

Span

1l GHz

Cate: 3.J0M.2015 16:01:20
Table 4-11: Radiated Third Harmonic Noise Floor Calculation (TC #2)
Frequenc EIRP U Calaeion Corrected . .
Antenna from Limit Margin
y HEaEES Gain 0imto3m | Measurement | n vimy | (dB)
(GHz) (dBuV) (dBi) (dB) (dBuV/m)
77.7 28.2 22.5 -49.5 1.2 54.0 -52.8
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Plot 4-11: Radiated Spurious Emissions (Fourth Harmonic) (TC #2)
& a3
Ref B7 dEpV¥ EXTHM IX W SWT 20 ms
[ | A
| 1 EK
MAXH
e Nt 1] GHz 104 ME Span 1 GHz
Date: 3.JUN.2015 16:00:06
Table 4-12: Radiated Fourth Harmonic Noise Floor Calculation (TC #2)
EIRP Test Correction Corrected
Frequency | Measure Antenna from Measuremen Limit Margin
(GHz) d Gain .01m to 3m t (dBuV/m) (dB)
(dBuV) (dBi) (dB) (dBuV/m)
103.6 335 23.2 -49.5 7.2 54.0 -46.8
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Plot 4-12; Radiated Spurious Emissions (50 GHz — 75 GHz) (TC #2)
& a3 i
Ref 87 dBEpV I SWT 145 ms
[ | A
1 FK
MRXH
MWMM
Star S0 GH S GHz/ Stop (13
Date: 3.JUH.2015 15:55:13
Table 4-13: Radiated Noise Floor Calculation (50 GHz — 75 GHz) (TC #2)
EIRP Test Correction Corrected
Frequency Measure Antenna from Measurement Limit Margin
(GHz2) d Gain .01lm to 3m (dBuVv/m) (dBuV/m) (dB)
(dBuV) (dBi) (dB)
75.0 (worst case) 33.0 23.4 -49.5 6.9 54.0 -47.1
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Plot 4-13: Radiated Spurious Emissions (75 GHz - 110 GHz) (TC #2)
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Date: 3.JUH.2015 15:57:30
Table 4-14: Radiated Noise Floor Calculation (75 GHz — 110 GHz) (TC #2)
EIRP Test Correction Corrected
Frequency Measure Antenna from Measurement Limit Margin
(GHz2) d Gain .01lm to 3m (dBuVv/m) (dBuV/m) (dB)
(dBuV) (dBi) (dB)
109.8 (worst case) 36.1 234 -49.5 10.0 54.0 -44.0
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4.5.2 Test Configuration #4

Plot 4-14: Radiated Spurious Emissions (Second Harmonic) (TC #4)
& B
Ref 87 dE} TH I SWT 20 ms
I | A
| 1 EK
MAXH
| e o S e et e e ¢ A e A A
' e 5 G 104 SZpan 1 GHz
Date: 3.JUHM.2015 16:49:0(
Table 4-15: Radiated Second Harmonic Noise Floor Calculation (TC #4)
EIRP Test Correction Corrected o _
Frequency Measured Antenna from Measurement Limit Margin
(GHz2) (dBuV) Gain .01lm to 3m (dBuV/m) (dBuVv/m) (dB)
(dBi) (dB)
51.7 29.4 22.5 -49.5 2.4 54.0 -51.6
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Plot 4-15:

Radiated Spurious Emissions (Third Harmonic) (TC #4)
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Table 4-16: Radiated Third Harmonic Noise Floor Calculation (TC #4)
Test Correction
Frequency SN Antenna from CEmeeisd Limit Margin
Measured : Measurement
(GHz) (dBuVv) Gain .01m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
77.5 27.9 225 -49.5 0.9 54.0 -53.1



http://www.rheintech.com/

Plot 4-16: Radiated Spurious Emissions (Fourth Harmonic) (TC #4)
& a3
Ref B7 dEpV¥ EXTHM IX W SWT 20 ms
[ | A
| 1 EK
MAXH
WWWMW B e B B Mo ot st Ak e ]
e Nt 1] GHz 104 ME Span 1 GHz
Date: 3.JUH.20L15 17:13
Table 4-17: Radiated Fourth Harmonic Noise Floor Calculation (TC #4)
Test Correction
Frequency SN Antenna from CEmeeisd Limit Margin
Measured . Measurement
(GHz) (dBuVv) Gain .01m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
103.3 33.8 23.2 -49.5 7.5 54.0 -46.5
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Plot 4-17: Radiated Spurious Emissions (50 GHz — 75 GHz) (TC #4)
& a3 i
Ref 87 dBEpV T I SWT 145 ms
[ | A
| 1 EK
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J"-ul‘""‘._."" - PP T T
SEAT ) GH 2.2 GHzS Stop GE
Date: 3.JUM.2015% 17:10:12
Table 4-18: Radiated Noise Floor Calculation (50 GHz — 75 GHz) (TC #4)
Test Correction
Frequency SN Antenna from CEmeeisd Limit Margin
Measured : Measurement
(GHz) (dBuVv) Gain .01m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
74.8 (worst case) 33.0 23.4 -49.5 6.9 54.0 -47.1
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Plot 4-18: Radiated Spurious Emissions (75 GHz - 110 GHz) (TC #4)
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Table 4-19: Radiated Noise Floor Calculation (75 GHz — 110 GHz) (TC #4)
Test Correction
Frequency SN Antenna from CEmeeisd Limit Margin
Measured . Measurement
(GHz) (dBuVv) Gain .01m to 3m (dBuVv/m) (dBuV/m) | (dB)
(dBi) (dB)
109.8 (worst case) 36.2 234 -49.5 10.1 54.0 -43.9
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4.5.3 Test Configuration #6
Plot 4-19: Radiated Spurious Emissions (Second Harmonic) (TC #6)
& o 3
Ref 87 dBEpV¥ EXTH I SWT 20 ms
[ | A
| 1 EK
MAXH
I il w‘kﬂf'v"v‘"'rv:'wu.-n- "L"“Wh!n FA .
ente G 1040 MHz Span 1 GHz
Date 3..JUN. 201 16:28:02
Table 4-20: Radiated Second Harmonic Noise Floor Calculation (TC #6)
Test Correction
Frequency MeEIISJF:ed Antenna from Mg:;&?gigm Limit Margin
(GHz2) (dBuV) Gain .01lm to 3m (dBuV/m) (dBuVv/m) (dB)
(dBi) (dB)
51.7 31.2 225 -49.5 4.2 54.0 -49.8
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Plot 4-20: Radiated Spurious Emissions (Third Harmonic) (TC #6)
& a3
Ref 87 dBEpV EXTH I SWT 20 ms
[ | A
| 1 EK
MAXH
T ¥ 506G MHz/ Span 1 GHz
Date: 3.JUN.2015 16:04:34
Table 4-21: Radiated Third Harmonic Noise Floor Calculation (TC #6)
Test Correction
Frequency MeEIISJF:ed Antenna from Mg:;&?gigm Limit Margin
(GHz) (dBuVv) Gain .01m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
77.5 28.3 225 -49.5 1.3 54.0 -52.7
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Plot 4-21: Radiated Spurious Emissions (Fourth Harmonic) (TC #6)
X s e
Ref B7 dEpV¥ EXTHM I SWT 20 ms
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Table 4-22: Radiated Fourth Harmonic Noise Floor Calculation (TC #6)
Test Correction
Frequency MelzlsuF:ed Antenna from Mg:;&?gigm Limit Margin
(GHz) (dBuVv) Gain .01m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
103.3 34.9 23.2 -49.5 8.6 54.0 -45.4
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Plot 4-22: Radiated Spurious Emissions (50 GHz — 75 GHz) (TC #6)
& a3 i
Ref B7 dEpV¥ T IX W SWT 145 ms
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Rdid nan s T s
] £ L 2.5 GHz/ Span 22 GHz
Date: 3.JUN.2015 16:25:50
Table 4-23: Radiated Noise Floor Calculation (50 GHz — 75 GHz) (TC #6)
Test Correction
Frequency SN Antenna from ComEsiE Limit Margin
Measured : Measurement
(GHz2) (dBuVv) Gain .001m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
74.6 (worst case) 324 234 -49.5 6.3 54.0 -47.7
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Plot 4-23: Radiated Spurious Emissions (75 GHz - 110 GHz) (TC #6)
¥ b
Ref 87 deEpv TH I SWT
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Cate: 3.J0M.2015 30:00
Table 4-24: Radiated Noise Floor Calculation (75 GHz — 110 GHz) (TC #6)
Test .
S Antenn AT Corrected . .
Frequency Measure a from Measurement Limit Margin
(GHz) d ' .001m to 3m (dBuV/m) (dB)
Gain (dBuV/m)
(dBuV) (dBi) (dB)
108.7 (worst 35.7 23.4 495 9.6 54.0 -44.4
case)
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4.5.4 Test Configuration #10

Plot 4-24: Radiated Spurious Emissions (Second Harmonic) (TC #10)
% e 3 e
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Table 4-25: Radiated Second Harmonic Noise Floor Calculation (TC #10)
Test Correction
Frequency SN Al from ComEsiz Limit Margin
Measured a Measurement
(GHz) (dBuV) Gain .00121“;()) 3m (dBuV/m) (dBuVv/m) (dB)
(dBi)
51.7 30.2 225 -49.5 3.2 54.0 -50.8
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Plot 4-25: Radiated Spurious Emissions (Third Harmonic) (TC #10)
& B
Ref 87 deEpv (TH I SWT 20 ms
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Table 4-26: Radiated Third Harmonic Noise Floor Calculation (TC #10)
EIRP U CEitEeiie Corrected oo .
Frequency T Antenna from VR ETET Limit Margin
(GHz2) (dBuVv) Gain .001m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
77.5 27.4 225 -49.5 0.4 54.0 -53.6
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Plot 4-26: Radiated Spurious Emissions (Fourth Harmonic) (TC #10)
& o
Ref 87 deEpv (TH I SWT 20 ms
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WWMWWWMWWW
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Date: 3.JUN.2015 16:35:52
Table 4-27: Radiated Fourth Harmonic Noise Floor Calculation (TC #10)
EIRP U Coreetio Corrected . .
Frequency N Antenna from BT m— Limit Margin
(GHz2) (dBuVv) Gain .001m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
103.3 33.1 23.2 -49.5 6.8 54.0 -47.2
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Plot 4-27: Radiated Spurious Emissions (50 GHz — 75 GHz) (TC #10)

& a3 i
Ref B7 dEpV¥ EXTHM IX W SWT 145 ms
[ | A
| 1 EK
MAXH
et v -
il "MWW.MH..,, N .Mw
[ ¥ 506G S GHz/ Span 22 GHz
Date: 3.JUM.2015 16:38:39
Table 4-28: Radiated Noise Floor Calculation (50 GHz — 75 GHz) (TC #10)
Test Correction
Frequency SN Antenna from CEmeeisd Limit Margin
Measured : Measurement
(GHz2) (dBuVv) Gain .001m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
74.4 (worst case) 32.7 234 -49.5 6.6 54.0 -47.4
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Plot 4-28: Radiated Spurious Emissions (75 GHz - 110 GHz) (TC #10)
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Table 4-29: Radiated Noise Floor Calculation (75 GHz — 110 GHz) (TC #10)
Test Correction
Frequency SN Antenna from ComEsiE Limit Margin
Measured : Measurement
(GHz) (dBuVv) Gain .001m to 3m (dBuVv/m) (dBuV/m) (dB)
(dBi) (dB)
109.4 (worst case) 355 234 -49.5 9.4 54.0 -44.6
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4.6 Radiated Emissions Unintentional/Digital Test Data

Table 4-30: Digital Radiated Emissions Test Data
Emission Analyzer Site. Emission . .
Frequency Test Reading Correction Level Limit Margin Pas_s/
(MHz) Detector (dBuV) gjaé:/trzr) (dBuV/m) (dBuV/m) (dB) Fail
234.995 Qp -1.6 -30.5 -32.1 46.0 -78.1 Pass
294.263 Qp 10.8 -29.6 -18.8 46.0 -64.8 Pass
336.503 Qp 10.9 -28.1 -17.2 46.0 -63.2 Pass
398.414 Qp 2.6 -27.0 -24.4 46.0 -70.4 Pass
435.721 Qp 9.7 -26.8 -17.1 46.0 -63.1 Pass
620.705 Qp -2.0 -23.6 -25.7 46.0 -71.7 Pass
723.301 Qp 22.8 -21.5 1.3 46.0 -44.7 Pass
765.272 Qp 5.7 -21.5 -15.8 46.0 -61.8 Pass
832.115 Qp -12.6 -20.4 -33.0 46.0 -79.0 Pass
1003.205 Av 25.3 -18.4 6.8 54.0 -47.2 Pass
1028.846 Av 22.3 -18.4 3.8 54.0 -50.2 Pass
1080.128 Av 20.2 -18.4 1.8 54.0 -52.2 Pass
1120.192 Av 22.4 -17.4 4.9 54.0 -49.1 Pass
1200.321 Av 18.7 -16.9 1.7 54.0 -52.3 Pass
1267.628 Av 21.6 -15.5 6.1 54.0 -47.9 Pass
1349.359 Av 17.5 -14.9 2.6 54.0 -51.4 Pass
1746.795 Av 16.9 -13.2 3.7 54.0 -50.3 Pass
1982.372 Av 12.7 -10.8 1.8 54.0 -52.2 Pass

Unwanted emissions were investigated (other than harmonics) as required by 15.33(a)(2):

“If the intentional radiator operates at or above 10 GHz and below 30 GHz: to the fifth harmonic of the
highest fundamental frequency or to 100 GHz, whichever is lower.”



http://www.rheintech.com/

Table 4-31:

Radiated Emissions Test Equipment

AsRs-Ic—alz# Manufacturer Model Part Type Ni(rar:it?(lar Cgﬂgrggén
901592 | Insulated Wire Inc. | KFS1203-3090- | gy R Cables 201 NA 8/27/15
901593 | Insulated Wire Inc. [ “PS7°09-3%0" | sMic R Cables 36 NA 8/27/15
901594 | Insulated Wire Inc. [ “FS7209-3%0 | smic R Cables 36 NA 8/27/15
900932 | Hewlett Packard | 8449B OPT HO2 (Iigg.rngnEezr) 3008A00505| 8/27/15
900151 |Rohde and Schwarz| ~ HFH2-22 ('éolflg:;éem% 827525/019 | 10/1/15
900717 | Hewlett Packard 11970U Hf‘é{cr?_%r(‘)iCG'\ﬂ;‘;” 2332A01110| 4/20/16
901639 Wiltron 35WR19F (%f‘é%gggi) N/A 6/18/16
901640 | Rohde & Schwarz FS-2110 Mixer (75-110 GHz) | 100010 4/2/17
901581 | Rohde & Schwarz FSU Spectrum Analyzer [1166.1660.50] 11/13/15
901586 | Rohde & Schwarz FS-275 H?Srcr)”_o?’;cG'\f'i;‘)er 100098 | 1/23/17
901256 ATM 19-443-6R ( 40_';)'8% ﬁ'gt,evr\‘/rg"_lg) 8041704-01 | 1/23/16
901303 EMCO 316010 | 56 5400 otz WR.2g) | 960452007 | 6719116
900711 ATM 10-443-6R 'é‘gqutéﬂ{‘z‘;‘ 8051905-1 | 12/5/15
900712 ATM 15-443-6R "('g(r)’_‘?/;”éeg;)a 8051805-1 | 3/16/16
900724 [ Ao et | LPB-2520 gg_ozgoﬁgtl\eﬂﬂ‘; 1037 41916
900932 | Hewiett Packard | 84498 OPT HO2 (ﬁ’fggfg%&ezr) 3008A00505| 8/27/15
901629 Teledyne Cougar A4C2123 Amoplifier 003-003 9/4/15
900772 EMCO 3161-02 H‘zg_‘ 4Agt|j2)”a 9804-1044 | 4/20/16
900321 EMCO 3161-03 '(1‘_’6?8/_*2”%?4”;)‘ 9508-1020 | 4/20/16
900323 EMCO 3160-07 (';"zrq Q.Teenﬂg) 9605-1054 | 4/20/16
900356 EMCO 3160-08 (':gfz_’?gtg”'j‘; 9607-1044 | 4/20/16
901218 EMCO 3160-09 (';'gfgégtgﬁ; 960281-003 | 4/19/16
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Test Personnel:

-~ ; X /I'I -r:' ‘.__.:'r
A/.-:f‘l.d-u :l.ri.,--""f‘:’{}i M;{,ﬁ/
Daniel W. Baltzell =37 May 31 — June 6, 2015

Test Engineer Signature Dates of Test

5 Antenna Beam-width & Antenna Side Lobe - FCC 14-2 (15.256(i)&(j)), RSS-211 5.2(a) & 5.2(c)
5.1 Antenna Beam-width & Antenna Side Lobe Data - FCC 14-2 (15.256(i)&(j)), RSS-211 5.2(a) & 5.2(c)
Antenna beam-width at -3dB no greater than 12 degrees and side lobe antenna gain relative to the main

beam gain for off-axis angles from main beam of greater than 60 degrees not greater than -27dB. See
Appendix N, Antenna Beam-width and Antenna Side Lobe Appendix.
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6 Frequency Stability ANSI C63.10 6.8, FCC 14-2 (15.256(f)(2)), RSS-Gen 4.7

6.1

Frequency Stability Test Procedure - FCC 14-2 (15.256(f)(2)), RSS-Gen 4.7

The carrier frequency stability is the ability of the transmitter to maintain an assigned carrier frequency.

The EUT was evaluated over the temperature range -30°C to +55°C.

The temperature was initially set to -30°C and a 1-hour period was observed for stabilization of the EUT.
The frequency stability was measured within one minute after application of primary power to the
transmitter. The temperature was raised at intervals of 10 degrees centigrade through the range. A
%-hour period was observed to stabilize the EUT at each measurement step and the frequency stability
was measured within one minute after application of primary power to the transmitter. Additionally, the
power supply voltage of the EUT was varied +/-15% nominal input voltage, +15% of minimum voltage and
-15% of maximum voltage.

6.2

FCC 15.256(f)(2) Limit

LPR devices operating under this section must confine their fundamental emission bandwidth within the
5.925-7.250 GHz, 24.05-29.00 GHz, and 75-85 GHz bands under all conditions of operation.

Table 6-1: Temperature-Voltage Frequency Stability
+/- 15% VDC
Temp.
C) 9.6 11.04 19.38 22.8 26.22 30.6 36
(Min.) (Min. +15% (-15%) (Mid.) (+15%) (Max. -15% (Max.)

-30 26.220540334 | 26.220556359 | 26.220548347 | 26.220549949 | 26.220541936 | 26.220543539 | 26.220540334
-20 26.220710206 | 26.220700590 | 26.220705398 | 26.220708603 | 26.220711808 | 26.220708603 | 26.220705398
-10 26.220790334 | 26.220775311 | 26.220783924 | 26.220777513 | 26.220775911 | 26.220774308 | 26.220769500

0 26.220798347 | 26.220795141 | 26.220801552 | 26.220807962 | 26.220787129 | 26.220790334 | 26.220791936
10 26.220787129 | 26.220807962 | 26.220779116 | 26.220787129 | 26.220779116 | 26.220783924 | 26.220796744
20 26.220755077 | 26.220766295 | 26.220772706 | 26.220769500 | 26.220767898 | 26.220787129 | 26.220777513
30 26.220687770 | 26.220708603 | 26.220707000 | 26.220708603 | 26.220703795 | 26.220702193 | 26.220705398
40 26.220649308 | 26.220655718 | 26.220658924 | 26.220670141 | 26.220641295 | 26.220644500 | 26.220646103
50 26.220612449 | 26.220615654 | 26.220612449 | 26.220607641 | 26.220612449 | 26.220609244 | 26.220604436

55

26.220602834

26.220620462

26.220626872

26.220622065

26.220622065

26.220628475

26.220618859



http://www.rheintech.com/

Plot 6-1: Frequency Stability — PS60HS Electronics

Frequency Stability
PS60HS Electronics
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To determine if the bandwidth of the signal remains within the band 24.05 GHz — 29 GHz, the lowest
frequency generated, 26.220540334 GHz (at -10°C, 9.6 VDC), and the highest frequency generated,
26.220807962 GHz (at 0°C, 22.8 VDC), are compared to the bandwidth of the signal as measured,
1171.119 MHz.

Half the bandwidth to determine the edge of the frequency is subtracted from the lowest frequency
generated, and added to the highest frequency generated.

Y% bandwidth =1171.119 MHz / 2 = 585.5595 MHz.

Lowest frequency generated 26.220540334 GHz - 585.5595 MHz = 25.634980834 GHz, which is within
the band 24.05 - 29 GHz (passing with margin 24.05 - 25.634980834 = -1.584980834 GHz)

Highest frequency generated 26.220807962 GHz + 585.5595 MHz = 26.806367462 GHz, which is within
the band 24.05 - 29 GHz (passing with margin 26.806367462 — 29 = -2.193632538 GHz)

Results: The EUT is compliant
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Table 6-2: Frequency Stability Test Equipment

RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Tenne Temperature
900946 En ineeriny Inc TH65 Chamber 11380 1/13/16
9 g, nc. with Humidity
901581 §Ohde & FSuU Spectrum Analyzer | 1166.1660.50 11/13/16
chwarz
901593 Insulated Wire KPS-1503-360- SMK RF ”Cables NA 8/27/16
Inc. KPR 36
901350 Meterman 33XR Multimeter 040402802 3/20/16

Test Personnel:

Daniel Baltzell

. : = /-' =D & T
A{ﬁ.d-u _l_r-'_-,...-"f{_/.{:,){z Ekafi?.__

May 29, 2015

Test Engineer

Signature

Date of Tests
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7 AC Conducted Emissions - FCC Rules and Regulations ANSI C63.10 6.2, Part 15.207, RSS-Gen 7.2.4
71 Test Methodology for Conducted Line Emissions Measurements — Part 15.207, RSS-Gen 7.2.4

The power line conducted emission measurements were performed in a Series 81 type shielded enclosure
manufactured by Rayproof. The EUT was placed on a wooden table. Power was fed to the EUT through
a 50-ohm/50 pHenry Line Impedance Stabilization Network (LISN). The EUT LISN was fed power through
an AC filter box on the outside of the shielded enclosure. The filter box and EUT LISN housing are bonded
to the ground plane of the shielded enclosure. A second LISN, the peripheral LISN, provides isolation for
the EUT’s auxiliary equipment. This peripheral LISN was also fed AC power.

The spectrum analyzer was connected to the AC line through an isolation transformer. The 50-ohm output
of the EUT LISN was connected to the spectrum analyzer input through a Solar 100 kHz high-pass filter.
The filter is used to prevent overload of the spectrum analyzer from noise below 100 kHz. Conducted
emission levels were measured on each current-carrying line with the spectrum analyzer operating in the
CISPR quasi-peak mode (or peak mode if applicable). The analyzer's 6 dB bandwidth was set to 9 kHz.
Video filter less than 10 times the resolution bandwidth is not used. Average measurements are performed
in linear mode using a 10 kHz resolution bandwidth, a 1 Hz video bandwidth, by increasing the sweep time
in order to obtain a calibrated measurement. The emission spectrum was scanned from 150 kHz to 30 MHz.
The highest emission amplitudes relative to the appropriate limits were measured and have been recorded.

7.2 Conducted Line Emissions Test Procedure
Conducted emissions were performed on the EUT using an off-the-shelf power supply. The general

conducted limit under Part 15.207 was applied. The emissions were scanned between 150 kHz to 30 MHz
on the neutral and phase conductors.
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7.3 Conducted Line Emissions Test Data
7.3.1 Test Configuration #10

Plot 7-1: Conducted Emissions Transmit - Phase (TC #10)
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Plot 7-2:

Conducted Emissions Transmit - Neutral (TC #10)

Project # - 2014076
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Table 7-1: Conducted Emissions Test Equipment
RTL Serial Calibration
Asset # Manufacturer Model Part Type Number Due Date
Hewlett Spectrum Analyzer
900968 Packard 8567A (10 KHz-1.5 GHz) 2602A00160 2/17/16
Hewlett .
900339 85650A Quasi-Peak Adapter 2521A00743 2/17/16
Packard
Hewlett .
900970 Packard 85662A Spectrum Analyzer Display | 2542A11239 2/17/16
901083 AR LS16 16A LISN (110 V) 16010020080 |  8/27/15
International
Rhein Tech Automated Emissions Testing
N/A Laboratories, Emissions Software Rev. 14.0 2 N/A N/A
Inc. Tester
Test Personnel:
(el Latlons?
Daniel W. Baltzell i) St May 23, 2015

Test Engineer

Signature

Date of Test
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8 Conclusion

The data in this measurement report shows that the Vega Grieshaber KG Model PS60S, FCC ID:
0O6QPS60XS2, IC: 3892A-PS60XS2, complies with the applicable requirements of Parts 2 and 15 of the
FCC Rules and Regulations and Industry Canada RSS-Gen.
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